Effect of nitration on the activity of bovine erythrocyte Cu,Zn-superoxide dismutase (BESOD) and a kinetic analysis of its dimerization-dissociation reaction as examined by subunit exchange between the native and nitrated BESODs.
Bovine erythrocyte Cu,Zn-superoxide dismutase (BESOD) is a dimeric enzyme composed of identical subunits associated through unusually strong non-covalent interactions. The state of the unique tyrosyl residue (Tyr 108) of BESOD was examined, and the kinetics of subunit exchange was studied using Tyr 108 as a probe. UV-absorption difference spectra demonstrate that Tyr 108 is exposed to the solvent, and that the accessibilities to ethanol, ethylene glycol, and polyethylene glycol 600 are 53.5, 52.0, and 44.6%, respectively. Tyr 108 was fully nitrated by tetranitromethane. The pK(a) values of the phenolic hydroxyl group of native and nitrated Tyr 108 were determined to be 11.3 and 7.9, whereas those of model compounds, L-tyrosine and 3-nitro-L-tyrosine, are 9.8 and 6.8, respectively. When the native and nitrated BESODs of an equal concentration were mixed, the hybrid dimer was formed. From the amount of hybrid dimer formed, the rate constant (k(-1)) of the subunit dissociation at pH 7.8, 25 degrees C was assessed to be (4.17 +/- 0.13) x 10(-6) s(-1). The activation energy of the subunit dissociation at pH 7.8 was determined to be 117 +/- 4 kJ.mol(-1). The k(-1) value remains constant at BESOD concentrations ranging from 0.62 to 6.8 micro M and at pH ranging from 6.0 to 10.0, but increased remarkably with a decrease in the dielectric constant of the reaction mixture. It is suggested that hydrophobic interaction may play a significant role in the subunit interaction.